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EVALUAlIONOFTHEHEALTHiaSKSOFIMBO)Dia)DEIlJEIEDlIRAMD]SlCWJ)S^^ 

ON  PREGNANCY  AND  OFFSPRING  DEVELOPMENT 

Introduction 

Our  laboratory  is  cuirentlyassessinglhetoxichy  of  embedded  depleted  uramum  on  the  female^. 

This  research  is  intended  to  answer  questions  that  have  arisen  following  Operation  Desert  Stonn.  During 
this  conflirt  a  number  ofU.S.  military  personnel  were  wounded  by  depleted  uranium  fra^ents.  Many  of 

thesefragmentswerenotremovedbecausetheremovalprocedurewouldproduceexcessivetissuedarnage. 

Uranium  btoassays  taken  over  a  year  after  injury  indicate  that  uranium  was  present  in  the  urine  well  in 
excess  of  natural  badeground,  up  to  30  pgU/1  of  urine.  While  no  {emale  solifie^  currently  have  depl^ed 
uranium  injuries,  military  roles  are  changing  significantly  and  the  female  soldier  now  plays  a  vital  part 
in  many  combat  scenarios  and  the  potential  exists  for  future  DU  injuries  in  the  female  soldiers. 

AWioughthetojdcityofembeddeddepleteduraniuroisunfcnown^numerous  Studies  haveaddr^ed 

the  consequences  of  inhalation,  ingestion  and  parenteral  administration  of  other  forms  of  uraniuin. 
Uranium  circulates  in  the  blood  as  the  uranyl  ion,  forming  uranhim-oarboMte  and  uranium-albumin 
complexes.  As  the  uianiumrcarbonaie  conqrlex  passes  through  the  kidney,  it  is  filtered  rapidly  by  the 
^omeruli  iiriiere  60%-S0%  of  absorbed  uiaraumis  excreted  in  the  first  24  hours  after  acute  M^sure.  The 
uranhun  that  is  not  excreted  is  reabsorbed  by  the  proximal  tubules  where  it  produces  sigmfioant  toxic 
e®cts,  Uraiuum  also  enters  the  bone,  where  it  competes  with  caldum  to  form  complexes  with  phosphate 
ions,  thus  becoming  part  of  the  bone  matrix.  This  bone  matrix  then  serves  as  both  a  long-  and  short-term 
storage  site  fiom  which  uranitim  has  been  shown  to  be  slowly  released  back  into  circulation.  The  liver, 
muscle,  and  kidney  are  other  major  sites  of  uranium  deposition,  with  a  possible  long-term  storage 
mechanism  in  the  kidney.  , 

Acute  morphological  and  biochemical  djangesofthelddn^  result  fiom  uranium  exposure.  Changes 

in  the  ^omemlar  epitheUum,  and  cellular  necrosis  in  the  proamal  tubules  near  the  corticomeduUaiy 
junction  of  the  kidney  have  been  reported  in  experimental  animals  after  acute  uranium  ejqposure.  In 
addition,  polyuria,  enzymuria,  glucosuria,  and  increased  excretion  of  amiim  acids  have  been  reported, 
Acute  renal  failure  can  occur  following  exposure  to  high  doses  of  uranium. 

In  utero  exposure  to  uranium  has  retcently  be^  shown  to  produce  both  fetal  and  developmental 

toxicity.  For  example,  administration  (s.c.)ofiiranrum  in  the  form  ofuianyl  acetate  dihydrate  (0  5-2.0 

mg/kg/d)  to  gravid  (pregnant)  mice  from  gestational  days  (CH3)  6-15  leads  to  signific^  decreases  in  both 

maternal  weight  gain  and  fetal  body  Wei jdits  at  GD 18.  Soft  tissue  and  skeletal  examination  ofthe  fetuses 

aiRTt  revealed  a  significant  increase  in  the  occurrence  of  renal  hypoplasia  in  all  uranium-treated  groups. 
Skeletal  in  these  mice  included  bipartite  steraebrae,  dorsal  hyperkyphosis,  and  incomplete 

ossification  of  several  bones.  Similar  skeletal  malformations  were  also  seerr  following  daUy  oral 
admmistration  of  uranyl  acetate  dihydrate  (5-50  mgdeg/d)  in  gravid  mice  during  the  same  period  of 
gestation. 

While  the  above  results  examined  the  elects  of  uranium  on  pfcnatal  development  several  studies 
have  been  conducted  to  evaluate  the  effects  of  uranium  on  pos^tal  development  (from  birth  to  age  21 
days).  Significant  decreases  in  body  weight  and  body  len^  in  the  offspring  of  mice  treated  with  25 
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opening  were  unaffected. 

•  u  A  fitiic  or  placentae  weire  not  measured  m  any  of  these 
0,*«ta»a«dy,  uiamrni  1=^  ”?^^Smii^afiba5rf®4*ddedDUonade«^ 

fetal  and  devdopmental toxicity  Studies.  Itio  -mosure  level,  thou]^  little  woik  has  been  done  to 

fetus,  tt  is  iippottant  to  imow  the  m  Mtero  ^ 

examine  the  oross-placentalttansfer  ^  corSon  has  been  shown  between  the  ^atomic 

die  rodent  placenta  and  the  ^nobiotics  between  mother  and  fetus,  fe  rodent*  and 

classification  of  the  placenta  and  the  preventing  many  toxicological  insults  to  the 

primates,  the  placenta  may  act  as  a  barn  r,  'masa  was  adimnistered  intravenously  to 

fetus.  This  does  not  appear  to  be  the  jji  the  placenta  and  fetus,  indicatinghttle 

pregnant  rats,  almost  identical  levels  of  mamum  in  19-  to  20-day-old  fetuses 

depoSion  of  uranium  than  did  the  adult  bone. 

the  transfer  of  uranium 

become  pregnant  and  carry  her  Irtter  to  term. 

Kidney  Toxicity  and  Uranium  Distribution 
Materials  and  Methods 


Subject.  F«^-^™"T3it;d^tyinaccordancewifette 
RM,«e«imint»i»e4ta«n^^ALAC^^  ^,«„cp,nmltaed  andsc^enedfor 


■RideeuTN  Tantdom  pdlets(lmnidiam^»rx2  i®)  +lie  depleted  uraiaum  and  tantkium 
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004 


1 

-  ^  j  rt  in  a  0  5-ml  bolus,  using  a  25-gauge 

pdletewaeimptetedin 

needle  The  euipcd  Aee  to  laterel  side  of  each  du^ 


Thisfoecedtope.,e.oo. 

of  the  needle  and  into  the  rat  muscle. 

^  ^  -.-i  tz:  J _ 


surgery  rats. 

Urine  and  ®*°®?  depletetuSnhiin  pellets 

after  imphmtadon  surgery  and  a.aay«l  t“^^^^S°^S^^^fl«nmaFlod^.«trainer 
To  safely  ooBeot  blood  obbuned  Som  to  taS  vein  using  a  Zigange 

IJutingeadiconecaoii,appraoiuat^0.3nd^^^^^^^^^^^^j^j^^j^Qjjg.  yj„ptona 

needle,  plasma  aisi  to  red  oo  ce  .  indices  of  kidney  toxictty. 

»“  ^:;^!^^nntorrtsinindMdoalin«tooBsmcag«(M.5OT<^^ 


mnmals  andto  increase  to  ‘“^^^^^.ndtovolnmerecordBi.  Shnsinto 

A24-hoururinecoEecliottsample«mdb^  samDlinn  period.  Care  was  taken  to  prevent 

preliniinaiy  study  produced  ll^OT  id  urme  m  a  2  ^  ^  ^  to  tnniave  any  debris 

contaminslionoftourinewi  n^Ctoil  analyzed  The  metabolic  cages  were  dismfected  and 

and  stored  in  plastic  contamers  at  4  C  ^.^antoig  periods,  overt  signs  ofbehavioral 

decontaminated  between  each  eminal  "»■  °“™«  bannang  p 

toddty  and  to  overall  appearance  of  to  rats  was  noted 

AasessmentofOraniunsonKidn^litoeft^. 

levda  ofNAG,  IXlH,  glu^  ofto  urine  was  measured  wWi  avapor  pressure 

wereusedasindiealorsofla^Sinourai  AKodakEkBdaanTOOAnalyzerwasnsedtodelennine 

osinoineter(tnodd510(TB,WesairIili^  .potal  urine  protein  was  measured  with  a  dye- 

tcrnm  and  urine  Icvdsof^to^.^'^JJ^^^ 


ssrs&Tai.  nshig 
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Results 


e^ctofp^et  number's  seen  on  bo  ^  depleted  uraniuni  was  not  tojdc  to  ®  ^ 

indie^  ”Z“  tod  no  edbe.  on  tbe  orm.  ontpo.  m  aU 

_ 


the  urine  volume.  ■»  vi  i-if 

.Hese  e^to 

•  -t _ ^iT+ViA  ^iTnri(i  Slfft  sdlunaffected  by  the 


Tizymes  show  no  - 

A  ♦^«5n  1wp1<4  of  the  urine  are  allsunaffected  by  the 
Hggies  13-15  Sbowftot  osmolerity,  pH  and  protem  levels  oflhe  unn 

depleted  uraiQum  ^ 

^..^^.eondotsedbv^p^ 
in  the  Vddney  following  84  days  of  the  implanted  DU  pdlets 

UramamDistribntion  „.-„,™^Btlheeoniplefionofthe84dBysofpellotiniplaiitaliOTme 

Orantam  levelsmthe^es  were  detected  in  dl  of  the  nssues  analy^ 

presented  inFiguies  16-28  whml  compared  to  tte  tamata 

These  numbers  are  conendy  being  anal^  Uranium  Icvela  in  the  urine  coUeoted  on  d^  14, 2  , 

3tonals  mri  also  for  a  '>?»r'^.3';^^the  blood  obtained  on  day  84.  are  all  eurrently  bemg 
42  S6, 70  and  84  post-jmplantatton,  as  weU  as  me  e. 

anky^  using  the  KP  A  andysis. 


Conclusions 


sobstancjeshavi 
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•1  the  kidnev  tubules.  NAG  is  a  lysosomal  enzyme 

tubules  of  the  animals’  kidneys. 

Although  urine  volame  and  o^larily  urine  TOlume, 

uhyricdMtX  utra.81  fcnotiou  For  oL  reflet  .he  abiKy  of  the 

S^dcmemtalhEufadenoycaumcre^e^^^O^^JJ^^ 

WdneyW  “”“'®^^"?'5^SXnge?tafliese  measurements  in  our  smdy  indieate  that  ten 

eeurh::^eS^.>tme/du..ori«uraniumri^^^ 

A  sman  conemurarion  f 

protem  could  resuh  either  torn  Memento  lettoge^  Out  eaperiments  found  no  aherattoos 

er^S'ered  by  the  depeleutd  uramum  implantations 

Appeamnoeofshtco^t^^^t^^^"^^ 
is  exceeded.  TUs  can  occur  helos  to  distinguish  between  these  two  possibilities, 

rntphtommchyvodtinoteased  ^cos. 

AI  these  measures  were  used  i^^^S^hJ^Susiou  that  -while 

data,  along  with  the  lack  of  any  noted  histopa  &  ^  kidney  structore  and  functioning, 

experiments  have  affect  the  kidney 

Uiium  exposure  to  female  STr  exceed  the  level  set  by  the  Nucle^ 

This  is  despite  the  fact  that  m^nm  s  _  toxicity  seen  due  to  uranium  certainly 

Regulatroy  Commission  for  kidn^  te  due  to  the  uniqueness  of  several  aspects 

a»ts  ftom  yvhat  is  ^^"^^f^Slftri^uramum  is  afferent  in  these  studies  than  the  manyl 
of  OUT  expeiimental  d^gn.  Th  ^  our  route  and  time  course  of  admimstratio^  chrome 

nitrate  or  acetate  used  in  many  acute  exnosures  'vua  injection  or  drinking  water. 

Tevels  due  to  metal  hnplanfetio  j  Z  si^  of  t^nal  toxicity.  It  is 

fee  renal  to«city  often  seen  with  acute  exposures. 

M  .  j  *  u  lA  ouTorises  eiven  the  data  that  was  obtained  within  the 
The  uranium  distribution  data  held  few  ^  ^  ^3  .^j^e  this  current  data  are 
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1  rn^maltotheDUpdletslocatioii.  TI.e  results  ofthis  study  led  to  the  selection 


Initial  Data  on  Litter 


Effects  and  Uranium  Distribution 


Materials  and  Methods 

Dose.  Fivedoseswereiisedmthisstudy:KoiH^^^^^o^^l0),^12^^^^^  ^ 

H.  order  .C.^  .he  si^  of  fl. 

implantations  approxiroately  equal  in  all  surgery  rats. 


.mfil  GD  20.  pregnart  raK  were  ofSJw  peUets,  On  GD  20,  the  dame  were 

psnraeterswereusedasinean^rfinmet^toy^o  Fetaaeswere 

^„a»»tod.  PMoewere  hnmed».ely  eeet^  were  e«endned  for  ^.y 

dissected  oo^  and  >U  the  placentae J?i).ola! nmnber  of fenisea.  © n™her  of 

lesotphooiStes.  litterswercexamiOB^^  ^  AU  oapttag  of  the 

viable  fe“«^  T  Jotecectae»nnanpup3werecollectedandpool«dfe.ira^ 


iiuci  - ,  j  « _ ems^rat&d  OUt  anaUScaiui  - 

analysis  for  esach  titter.  One  male^d  one  f.^rniiim  tissue  levels  Quickly  the  liver  and  kidneys 

tissues 

analyzed  for  uranium  content. 


Results 


1  a  T  iTfrerte  Tables  1  and  2  present  the  data  on  the  effects  of  the  DU  levels  on 
Maternal  and  there  spears  to  be  no  effect  of  the  DU  on  maternal 

maternal  and  IJttcT  parameters.  +  •  ♦  u 

Fart™c»tesochas;n»tentelfoodte»iwatera^^s™;^8t^^^^^^^, 

Furthermore,  the  litter  parameters  such  t?SdU  pdlets  did  not  adversely  affect  the  ability 

^,S?or  any  oven  sight  of  .««ol.gy.  tetd  none  were  noted. 
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t  TVip  levels  in  fetus  do  exhibit 

levels  A^rathinthe  whole  trend  test, 

a  dose-response  relationship  as  determined  oy  a 

Conclusions 

j  «enr>nce  effcct  on  uranium  levels  in  the 
Fram  tl«  results  it  wuW  rftteDU^^dlas  on  any  oftl«  mawnal  or  BtMr 

nlancntaandwbotefeOta.  The»edataindinalano^^ft«W^^_^^^^^^^„,j^ 

study,  is  stated  in  the  section  below. 

TheinsuitsofDr. 

should  teioaill  in  the  toaJn  mt  pnor  to  ^  ,„„OTplailtrf  mate  r^- 

once  the  nlciaoowash=aled<i>e«to>alo“s^dbebt^  post-implantation,  the  uramim 

Dr  PeBmai'sdataindinelethatattnnept^ofS.  «vrentWs  it  was  determined  that  a  stody  he 

Agroup  ofratawereta^^wi^^^'^^^^^^tM^ps 

ratthere  was  auon-surgeiy  control  prior  to  breeding:  2, 4, 6  or  8  monto.  Unne 

onthelengiboftimethe^etswoiddr^mmih  fei^  Analysis  of  this  urine  mdicated,  ^ 

was  coUected  from  these  rats  on  euthanized  on  GD  20,  and  the  pups  r^ot^ 

_;_-™,;™,ocrfiiitteH_noneohrotoxictty,  Tneoams  _ airmotwiflitheDlacenta, 


:^SSto.4oh;e.vjdfor.b„o^to.  for 

procedore.  While  the  use  ofthe  manltote^e  may  h  happened  in  several  tuts  in  both 

pmgnancy.  this  doc.  not  ?^,^S1^1>o>io"  daih  to  the  fetus  and  whto  »aues.  wH 

Current  Status 

TheretstortheBnalstogerfa.^^^^ 

period.  These  rats  will  be  imptanted  wi  ®  breeding  ^1  be  determined  from  the  analysis  of  the 

ihe  pellets  win  remain  in  tte  female  rms  e  ^a^gnionthspost-implantatioiL  Although  the 

studyusmgtbehi^do8eofDUandtimepenodsotZ,4,o,an 
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l-revious  aaui  rsrt^nus  assumDtioaofbreedingineraxs  i-z. 
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Urine  Output  Following  DU  Pellet  Implantation 


Time  Post-implantation  (days) 


09/28/98  MON  16:11  [TX/RI  NO  5463] 


PotassiuiTi  LgvsIs  (inniol/L  serutn) 


HMJ  FOUNDATION 


@012 

@012 


09/28/98  MON  16:13  FAX  301  _  _ 

09/28/98  _ ■ 

Figure  3 


Serum  Potassium  Levels  in  Female  Rats 
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Figure  4 
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Urinarv  Urea  Nitrogen  Levels  in  Female  Rats 
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Urinarv  Creatinine  Levels  In  Female  Rats 
Implanted  With  DU  Pellets 
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Figure  15 
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Protein  In  Urine  Following  DU  Pellet  Implantation 
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Figure  18 


Uranium  Levels  In  the  Femur 
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Uranium  Levels  In  the  Cerebrum 


150 


100  A 


50  A 


Tantalum 


16  DU  20  DU  24  DU 
Treatment  Group 


28  DU 


36  DU 


09/28/98  MON  16:11  [TX/: 


09/28/98  MON  16:16  FAX  301  _  _ _ HMJ  FOUNDATION 

09j'28/98  13:52  ©301  295  1032 

Figure  21 


Uranium  Levels  in  the  Cerebellum 
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Figure  23 
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Figure  24 


Uranium  Levels  In  the  Muscle  Distal  to  the  Pellets 
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